The adequate disposal of agricultural waste is one of the major concerns of public officials and a research challenge to obtain sustainable solutions to the problem. In this sense, the objective of this study was to evaluate the banana leaf stalk use as substrate in solid-state fermentation (SSF) for production of amylolytic and cellulolytic enzymes by Penicillium spp. LEMI A11 strain grown under different substrate concentrations, pH and temperature. Effects of different pH conditions (5.0 and 6.0), temperature (30 and 35 °C) and substrate concentration 70 and 90% (in relation to the final volume) of the fermentation were evaluated over 120 hours of fermentation. The results indicated that Penicillium spp. LEMI A11 was able to use the banana stalk as substrate under SSF. The maximum activities for amylase dextraining, amylase saccharifying and CMCase were 0.18; 0.13 and 04 U.g -1 , respectively. The effect of environmental factors related to the substrate concentration was significant for saccharifying amylase and CMCase activity only. The interaction between the environmental factors tested was significant for the dextrinizing amylase activity only. It was verified enzyme activity reduction after 96 hours of fermentation for all enzymes. It concluded that banana stalk is an alternative carbon source to be used in SSF for enzyme production by of Penicillium spp. LEMI A11.
Introduction
Brazil is the fourth largest banana producer country in the world (7,098,350 t/ year), with at least 200 tons/year of residues composed by pseudostem, leaves and stalks (Bastianello et al., 2009; Souza et al al., 2010) .
The banana stalks and pseudostems form the bulk of the waste, which implies high transport costs and, consequently, its accumulation in the environment, with potential environmental and phytosanitary problems (Soffner, 2001) .
The lignocellulosic composition of banana leaf suggests that this residue is a promising raw material for the production of cellulosic pulp, making it possible to add value to the residue and reduce environmental impacts (Oliveira et al., 2007) . According to Pandey et al. (2008) , the enzymes production from biological conversion techniques using agroindustrial residues has been increasingly studied due to its applicability in different industrial sectors, especially the food and beverage, textile, paper and pharmaceutical industries.
The solid-state fermentation (SSF), which is characterized by the growth of microorganisms in solid substrates, in the absence or low free water content, has been indicated for the production of enzymes from agroindustrial Com residues as a substrate (Rahardjo et al., 2006) . This is due to some advantages presented by SSF, as follows (Singhania et al., 2010) Aliquots of 1mL of each treatment were collected (crude enzymatic extract) every 24 hours, mixed with 40 mL of distilled water, homogenized, centrifuged at 10,000 rpm for 5 minutes and vacuum filtered using qualitative filter paper with a weight of 80 g/m 2 . The supernatants obtained were used as enzyme crude extract to determine the enzymatic activities (Nizamuddin et al., 2008) . The mixture was boiled for 5 minutes and then 9.0 mL of distilled water was added followed by homogenization. The enzymatic activity was obtained in spectrophotometer at 660 nm absorbance (Miller, 1959) .
The proteolytic activity of CMCase was determined according to Siqueira et al. (2010) , using 100 μL of carboxymethylcellulose (1%) and 50 μL of an aliquot from the fermentative medium. 
Results and Discussion
The fungal isolate Penicillium spp. LEMI A11 presented metabolic ability for production of dextrinizing amylase, saccharifying and CMCase, (Table 3) . Silva et al. (2009) also observed a significant effect of substrate concentration on total cellulases production According to Gervais & Molin (2003) , moisture is the environmental factor that most affects the SSF process, and reduced moisture levels lead to lower growth in relation to the optimal and low substrate degree actually used. The interaction between the factors was significant only for the dextrinizing amylase activity ( Table 3 ). The effect of the interaction between the factors on dextrinizing amylase activity suggested that, for its production, the synergy between pH, temperature and substrate concentration levels was important, even though each factor had no effect, independently, on the process.
The fermentation time was evaluated as a treatment-independent variable, as shown in Figure 1 . For all the enzymes the reduction of the enzymatic activity was verified after 96 hours of fermentation. However, only for the dextrinizing amylase activity, there was a significant difference (p<0.05) between the time intervals ( Figure 1A) . The reduction on enzymatic activity to amylase after 96 hours of SSF can be attributed to a possible nutrient depletion or accumulation of products that inhibit enzymatic synthesis or microbial growth (Shafique et al., 2009 ). For the other enzymes evaluated in this study, no significant effect (p<0.05) of the time was recorded, although maximum activities were observed after 48 and 72 hours of fermentation ( Figure 1B and C) . The increase of the enzymatic activity after 48 hours should be related to the sugar consumption, generated until then, causing substrate depletion and reactivating the enzyme expression mechanism as verified by Whitaker (1994) .
Conclusions
The banana stalk is as an interesting alternative substrate for fermentation process, to obtain the enzymes, especially CMCase, by the isolate Penicillium spp. LEMI A11. However, 
